ABSTRAK
Methods: A prospective cohort study was conducted on 32 GD patients to compare the effect of sunlight exposure on vitamin D level and cytokines of Th1 and Th2 pathways between exposed and unexposed groups. Exposed group received sunlight exposure three times a week for 30 minutes each between 9-11 a.m for 1 month. Thyroid stimulating hormone (TSH), free thyroxin (fT4), vitamin D 25(OH), interferon-γ (IFN-γ) and interleukin-4 (IL-4) serum levels, were investigated before and after one month of sunlight exposure. Paired t-test or Mann Whitney test were used to analyze the difference between exposed and unexposed GD groups before and after sun exposure.
Results:
One month of sunlight exposure increased vitamin D 25(OH) level by 27.90% among exposed GD group (15.34 ng/mL to 19.62 ng/mL, p<0.001). Meanwhile, unexposed GD group's vitamin D 25(OH) level decreased from 20.48 ng/mL to 18.86 ng/mL (p<0.001). Increased vitamin D 25(OH) level in exposed group was not accompanied by the increase of IL-4 level after sunlight exposure.
Conclusion: Sunlight exposure increases vitamin D 25(OH)
serum level and may affect the level of IL-4, Th2 pathwayderived cytokine, in patients with GD. However, the role of sunlight-derived vitamin D on IFN-γ in GD patients can not be concluded in this study.
Graves' disease (GD) is the most common cause of hyperthyroidism and is the second most prevalent endocrine diagnosis after diabetes mellitus. Its prevalence is higher among female than that of male (0.5-2% vs 0.2%).
1 GD may affect upon all age groups, but the peak age is 20-49 years old. The incidence of GD is estimated to be 0.8/1,000 per year. 2 Hyperthyroidism in GD was caused by autoantibody binding to thyroid stimulating hormone receptor (TSHR) on basolateral membrane of thyroid epithelium. When TSHR is stimulated, thyroid hormone will be secreted in excessive amount, causing hyperthyroidism. 3 Until now, the pathogenesis of GD has not been fully defined. The combined effect of environmental factors and genetic predisposition is believed to disrupt the tolerance toward self-antigen, resulting in autoimmune reaction. The regulation of immune system involves balanced work of T helper 1 (Th1) and T helper 2 (Th2) pathways. Both Th1 and Th2 pathways secrete different kinds of cytokines which have significant roles in the pathogenesis of diseases, including autoimmune diseases. These two cell types directly affect immune response via different pathways. Th1 pathway cytokines, interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), interleukin-2 (IL-2), contribute to cellular immunity responsible for fighting viruses and other intracellular pathogens, eliminating cancer cells and stimulating slow-type hypersensitivity reaction on the skin. Th2 pathway cytokines (IL-4, IL-5, IL-6, IL-9, IL-10, IL-13) are more dominant in humoral immunity, regulating the production of antibodies to fight organisms outside the cell. Excessive activity of either pathway may lead to disruption of the other. 4 Cytokines are considered as environmental factors which may play important role in the natural history of GD. Cytokines of both Th1 and Th2 pathways in hyperthyroidism have been studied, both in animal model and human. Several studies in human showed that Th2 pathway is predominant in GD, although both of those pathways were said to have similar role in animal model. A study by Nagayama et al 5 showed roles of Th1 pathway cytokine (IFN-γ) and Th2 pathway cytokine (IL-4) in hyperthyroidism in two different animal models (TSHR-adeno model vs. TSHR-M12 model). As opposed to Nagayama et al 5 3 ), affects the action of T lymphocytes by inhibiting Th1 proliferation which leads to decrease on macrophage activation and IFN-γ and IL-2 production. Meanwhile, calcitriol increases the amount of Th2 cells by facilitating dendritic cells/antigen presenting cells (APCs) to produce cytokines (IL-4, IL-5, IL-10) that support T cell differentiation towards Th2. 7, 8 As immune regulator, low vitamin D level is related to a number of autoimmune diseases, one of them being GD. 7 The study of Yamashita et al 9 revealed that vitamin D 25(OH) level was lower in patients with GD compared to that of healthy subjects. Furthermore, vitamin D 25(OH) level in female patients with GD was lower than in male patients (31.8±13.3 vs 41.3±15.0 nmol/L, p<0.001). This finding was strengthened by the study of Yasuda et al 10 which showed significantly lower vitamin D 25(OH) serum level in GD patients who did not have remission compared to those in patients with remission, or normal subjects (14.5±2.9 ng/mL in non-remission vs 18.2±5.1 ng/mL in remission p<0.005). 10 Both studies suggest the role of vitamin D level in the pathogenesis of GD.
Eventhough, patients with GD are known to have lower vitamin D 25(OH) level than that of healthy subjects and vitamin D theoretically plays a role in the activity of Th1 and Th2 pathways, the benefit of vitamin D intervention in altering the action of Th1 and Th2 in GD has not been identified. This study was aimed to determine vitamin D 25(OH) serum level in patients with GD and examine the effect of sunlight exposure as natural vitamin D source on vitamin D 25(OH) serum level and Th1/Th2 pathway-derived cytokines (IFN-γ and IL-4) level.
METHODS
A prospective cohort was conducted from June to December 2013 (including study preparation, data sampling, and data analysis) in Endocrinology Metabolism and Diabetes Clinic, Dr. Cipto Mangunkusumo Hospital (CMH), a General Hospital in Jakarta, Indonesia. A total of 32 patients with GD were recruited. Diagnosis of GD was made based on clinical interview, physical examination, laboratory tests [free thyroxin/fT4, thyroid stimulating hormones (TSHs), and TSH receptor antibody (TRAb)] and thyroid scintigraphy when necessary. Inclusion criteria were female patients with non-remission GD who consented to take part in the study. Patients who were pregnant, had severe liver or kidney problems, cancer, other autoimmune diseases and vitamin D supplementation were excluded.
Grave's disease patients were recruited by consecutive sampling and divided into two groups, exposed group and unexposed group. Exposed group received intervention in the form of sunlight exposure three times a week for one month. Subjects were asked to expose themselves (face, both arms, and legs) under the sun without using sun-block agent between 9 to 11 a.m (GMT+7) for approximately 30 minutes. This intervention took place between August to October 2013, during which ultraviolet (UV) power equaled 1.0-1. 
Study procedures
All subjects underwent clinical interview, physical examination, and blood sample drawing. Clinical interview aimed to gather data about identity, disease, and medication history, as well as to assess sun protection score and sun exposure score. Sun protection scoring is an evaluation of how subjects protect themselves from sun exposure, measured with a questionnaire featuring questions about outdoor clothings and attributes (sun-block agents, veil, hat, long-sleeved shirt, gloves, trousers, long skirt, umbrella). Positive use of each item is valued one point. Sun exposure scoring is a means to predict the duration of sunlight exposure on subjects in one week. Total score is calculated by multiplying the amount of daily exposure (minute/day) with the amount of exposure per week (day/week). 
Data analysis
Numerical data were presented in mean (standard deviation) or median (minimum-maximum) based on the data distribution. Bivariate analysis using paired t-test was used to analyze the difference between exposed and unexposed GD groups before and after sun exposure. Data were processed using SPSS for Windows v.12.
RESULTS
During study period there were 32 subjects with GD. Among 32 patients with GD, there were 14 hyperthyroid subjects and eight euthyroid subjects. Table 1 shows that there were some significant differences of several parameters between exposed GD group and unexposed GD groups before this study commenced. At the beginning of study, exposed GD group had higher sun exposure score, but lower vitamin D 25(OH) level compared to unexposed GD group.
Vitamin D, IL-4 and IFN-γ level before and after sun exposure in GD group
Though at the beginning of this study, the vitamin D 25(OH) level of exposed GD group was lower than unexposed GD group, it increased in GD group after one month of sun exposure, while it decreased in unexposed group (Figure 1 ).
At the end of the study, cytokine IL-4 significantly increased in unexposed GD group, but did not increase in exposed GD group. Both exposed GD and unexposed GD had significantly higher IFN-γ levels at the end of this study (Figures 2 Figure 1 . Vitamin D 25(OH) level pre-and post-sun exposure in exposed and unexposed GD Groups Graves' disease patients with normal hormone level were included as subjects to examine the effect of sunlight exposure to varying GD population in outpatients of CMH. Mean age of subjects with GD is around 42 years old. This finding is linear to Vanderpump 2 data which showed peak age of GD incidence to be from 20 to 49 years old. 2 In Japan, Yamashita et al 9 and Yasuda et al 10 study showed mean age of 37 to 39 years old.
In this study, vitamin D level of exposed and unexposed groups are 15.34±4.73 ng/mL and 20.48±4.75 ng/mL respectively. This finding is similar to the results of studies done in Japan. Yamashita et al 9 showed that vitamin D level of male and female GD subjects are 16.54±6.00 and 12.74±5.33 ng/mL. Yasuda et al 10 also showed that vitamin D level of new onset female GD patients of 14.4±4.9 ng/mL.
Vitamin D 25(OH) and Th1 and Th2 pathwayderived cytokines among GD group
Exposed GD group had lower vitamin D 25(OH) level compared to unexposed GD group at the initiation of this study, but there were no differences found regarding IFN-γ and IL-4 levels between exposed and unexposed GD groups.
After one month of sunlight exposure, vitamin D 25(OH) level in exposed GD group increased from 15.34 ng/mL to 19.62 ng/mL, while it did not increase in unexposed GD group (20.48 ng/mL to 18.86 ng/mL). Although both groups did not have similar range of vitamin D 25(OH), sunlight exposure to exposed GD group may elevate vitamin D 25(OH) level significantly while in unexposed GD group this vitamin D 25(OH) level diminished instead. This finding is in line with the study of Setiati et al 11 on elderly population in Jakarta, which showed that three times weekly sunlight exposure for 30 minutes each at one MED might significantly increase vitamin D 25(OH) level by 42.37% among elderly people who live in institutionalized care. Our study showed that the same method of sunlight exposure was associated with an increase of vitamin D 25(OH) level in GD patients by 27.90%.
While Th1 and Th2-derived cytokines profiles have been reported several times, the effect of sunlight exposure on GD patients through vitamin D 25(OH) level has not been yet reported. After one month of sunlight exposure, IL-4 level did not increase in exposed GD group (0.07 pg/mL to 0.08 pg/mL, p=0.293), while it significantly increased in unexposed GD group (0.07 pg/mL to 0.32 pg/mL, p=0.001). Non-increase of IL-4 level in exposed GD patients may be related to elevated vitamin D 25(OH) level in response to sunlight exposure. Vitamin D promotes Th2 cytokines pathway, however several studies reported inconsistency. Based on our study, vitamin D tends to be an immune balancer, which will suppress the overactive pathways. Since there is predominance of Th2 cytokines pathway in GD, vitamin D will prevent the increment of Th2 cytokines pathway. Up until now, there is no study which reported the inverse relationship between vitamin D and IL-4 level. Nonetheless, a longer observasional cohort study using more sensitive tool is needed to evaluate the effect of vitamin D 25(OH) on IL-4 cytokine.
After one month of sunlight exposure, IFN-γ level elevated significantly, in both exposed GD and unexposed GD groups (Figure 3) . The elevation of IFN-γ level can not be clearly explained in this study. Among exposed GD patients, the elevation of IFN-γ level could be due to the suppression effect of sunlight-derived vitamin D on Th2 pathway.
To the best of our knowledge, the study about the effect of sunlight exposure, on vitamin D 25(OH) and Th1/Th2 pathways-derived cytokines levels has not been yet reported. Although one month intervention using sunlight exposure increased vitamin D 25(OH) level in GD group, this study could not show direct effect of sunlight to Th1 and Th2 pathway cytokines. Out of two groups, there was only in exposed GD group that increasing level of vitamin D 25(OH) not accompanied by IL-4 level increment after one month of sunlight exposure. This finding showed the likelihood of sunlight effect on Th2-derived cytokines through vitamin D 25(OH) level.
This study has some limitation in terms of study subjects and sampling technique. Inclusion of GD subjects with normal fT4 at the beginning of the study hinders optimal results to represent patients with active hyperthyroidism. Consecutive recruitment of study subjects has lead to nonbalance distribution in the two groups. Patients who wanted to participate but could not follow the exposure program were allocated for unexposed group. Sampling strategy for cytokine testing (serum, monocyte isolates, or peripheral blood mononuclear cell/PBMC) also affects study results. Cytokine analysis on blood serum is inferior because Th1/Th2 cytokines are also produced by other immune cells (CD8+, B cells, macrophages), therefore rendered unspecific.
In conclusion, sunlight exposure increases vitamin D serum level and may affect the level of IL-4, Th2 pathway-derived cytokine, in patients with GD. The role of sunlight-derived vitamin D on IFN-γ, Th1 pathway-derived cytokine, in GD patients can not be concluded in this study.
